This paper describes a method for converting existing thesauri and related resources from their native format to RDF(S) and OWL. The method identifies four steps in the conversion process. In each step, decisions have to be taken with respect to the syntax or semantics of the resulting representation. Each step is supported through a number of guidelines. The method is illustrated through conversions of two large thesauri: MeSH and WordNet.
Introduction
Thesauri are controlled vocabularies of terms in a particular domain with hierarchical, associative and equivalence relations between terms. Thesauri such as NLM's Medical Subject Headings (MeSH) are mainly used for indexing and retrieval of articles in large databases (in the case of MeSH the MED-LINE/PubMed database containing over 14 million citations 1 ). Other resources, such as the lexical database WordNet, have been used as background knowledge in several analysis and semantic integration tasks [2] . However, their native format, often a proprietary XML, ASCII or relational schema, is not compatible with the Semantic Web's standard format, RDF(S). This paper describes a method for converting thesauri to RDF/OWL and illustrates it with conversions of MeSH and WordNet.
The main objective of converting existing resources to the RDF data model is that these can then be used in Semantic Web applications for annotations. Thesauri provide a hierarchically structured set of terms about which a community has reached consensus. This is precisely the type of background knowledge required in Semantic Web applications. One insight from the submissions to the Semantic Web challenge at ISWC'03 2 was that these applications typically used simple thesauri instead of complex ontologies.
Although conversions of thesauri have been performed, currently no accepted methodology exists to support these efforts. This paper presents a method that can serve as the starting point for such a methodology. The method and guidelines are based on the authors' experience in converting various thesauri. This paper is organized as follows. Section 2 provides introductory information on thesauri and their structure. In Sect. 3 we describe our method and the rationale behind its steps and guidelines. Sections 4 and 5 each discuss a case study in which the conversion method is applied to MeSH and WordNet, respectively. Additional guidelines that were developed during the case studies, or are more conveniently explained with a specific example, are introduced in these sections. Related research can be found in Sect. 6. Finally, Sect. 7 offers a discussion.
Structure of Thesauri
Many thesauri are historically based on the ISO 2788 and ANSI/NISO Z39.19 standards [3, 1] . The main structuring concepts are terms and three relations between terms: Broader Term (BT), Narrower Term (NT) and Related Term (RT). Preferred terms should be used for indexing, while non-preferred terms are included for use in searching. Preferred terms (also known as descriptors) are related to non-preferred terms with Use For (UF); USE is the inverse of this relation. Only preferred terms are allowed to have BT, NT and RT relations. The Scope Note (SN) relation is used to provide a definition of a term (see Fig. 1 ). Two other constructs are qualifiers and node labels. Homonymous terms should be supplemented with a qualifier to distinguish them, for example "BEAMS (radiation)" and "BEAMS (structures)". A node label is a term that is not meant for indexing, but for structuring the hierarchy, for example "KNIVES By Form". Node labels are also used for organizing the hierarchy in either fields or facets. The former divides terms into areas of interest such as "injuries" and "diseases", the latter into more abstract categories such as "living" and "nonliving" [3] .
The standards advocate a term-based approach, in which terms are related directly to one another. In the concept-based approach [7], concepts are interrelated, while a term is only related to the concept for which it stands; i.e. a lexicalization of a concept [12] . The concept-based approach may have advantages such as improved clarity and easier maintenance [6] .
